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АЗЕЛ О ЕТ 


The majority of the principles expounded herein have been 
the catural result of numerous Conferences zibh people engaged in Pro- 
duetton Control today integrated with the concepta of production eon- 
trol за taught in current academic courses. It із indeed proper that 
this acknewledgenent be sade to give credit, where appropriete, for 
the data obtained. 

To Captain A, 0. Blackledge, Comeanding Offiesr, Naval Crd- 
nance Plant, Indianapolis; to Nr. 2. D. Seanis, Noad of the Production 
Control Division; and to the staff of tho plont, whose sincere and ex- 
tremely helpful cooperation greatly aided the investigation, tne 
euthor wishes to express his deepest gratitude. 

Profound appreciation la extended to Professor lialssy F, 
Owen of the Industmíal Engineering Department, Purdue University, for 


his exellent guidance throughout the study. 
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ABSTRACT 


This study was undertaker in order thet an evaluation could 
be made cf the proúustlon control procedure employed by the Baval бгд» 
nence Plant, Indianapolis, Indiana. The criteria upon which the evalue- 
tion was based inclwied various basic prineiples cf production control 
that are expounded by several authors of current production ecntrol 
literature, and which are taught in current academic courass, 

The majority of the materiel upon which the investigation із 
based кзз 05601 64 at the Naval Crdmence Plent, Indiancrolis, Indiana. 
Conferences were used as a means of gethering the information necessary 
from each resrorsible individual of the Produot ion Control vivision. 
These conferences as well as tbe observation of tho dey to Зау өвдөг» 
plishment of the production eontrcl funetions resulted in s thorough 
соте гасе ог the units and their responsibilities in the prcduetion cone 
trol procedure as it is practiced at the plant, The information gathered 
and the procedures observed were ther compe red with the criteria of gen- 
erally accepted produstion control prezedures, 

ihe results of this evaluation are xost eratifying. in terns 
of the oriteria used, the Navel Ordnenes Plant, Indianapolis, Indiens, 
hes a prorressiva production esatrel procedure thet has been planned and 
executed by wary capable and farsighted intiividuals who have recogaí zed 
the potentislities of a flexible procedure of produetion ecntrol, Cone 
sidering the neada of tbe plent, it can be eoncluded that no major modi- 
fileeations to the present system are needed ond that only as very few 


minor techniques could te improved. 
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И! EVALUATION CF EE PUQLOQUOTIUON ООЖ ROL PROUBDURÉ 


INTRO DUOTI S 

The field cf production control has felt the impmet of ihe de- 
menús pleced on it by e Second 20:14 War end the shanges wrought by the 
postwer era of shortages of material, disparity of priee rises, diffi- 
Oulty of sales forecast, and other extreme uncertainties. Ко system or 
procedure could remain statie under the evermchenging demends of the In- 
dustriel world as portrayed бу the exemples above. Upheavals in Lhe So- 
cial, economical, end politieal espect of our American way of life also 
have had their part in molding changes in the concept of produetica сопе 
trol. This study was undertazen to evaluete the application of tho ba- 
sie principles of produotion control at the Navel Ordnance Flsnt, 
Indianepelis, Indians, hereinefter referred to es KOFI, and what devia~ 
tiens from or modifications of these basio principles have resulted from 
the conditions evolving because of the particulserly apesinlized work 
acecompliehed by МОРІ, 

York done previously wiich ie related to this predlem inoludes 
a thesis by Lieutenant Colonel Robert 4, Breaks, Us, “An Appraisal of 
the Production Control Methods Used in Govermuant srsensle,” June 1947, 
This thesis dealt with the production control methods applicable to the 
problems of chemical manufacture, 

The majority of the infcrmation upon which this study is based 
wes Cbisineá at Кої1, Conferences with unit personnel in the iroduction 
Control Division were used to scewmul«te sufficient information about 


the funesions of tke individui unit to 40821106 in general its respon- 
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sibilities acd place in the organisational structure of the division, 
Using this information as a basis for investigations, tala study was come 
piled by considering the funetions of production control as prectícod 
at OPI in comparison to the criteria of generally acsepted production 
control procedures. 

The interpretetions of the definition of produetien control 
as expressed by дапу authors In current literature beve an extrenely 
brosd secpe. For the purpose of this study, production eontrol will be 
defined as the mental aná physical knowhow applied is such a manner 
that the right qusntity and quelity of a product will be produced at the 
right time by the best and cheapest methods, Although there is a wide 
diversity of opinion in the litereture on produstion control as to the 
funstions whieh should be included іп е production scntrel preeedure, 
the functions listed below ere a few or those appesring in the texts of 
the Biblicgraphy, and they will be considered es о criteria for this 
study. 

1. The preperation and issuing of production orders and forms 

2, Furelisse requisitioning cf rea materials and specis) items 

3. Preparation of routo sbeots 

4. torx scheduling 

5. Plant losdíng 

6, Tork dispetohing 

7. Determination of the labor гедоїгелегів 

8. MXaintenanoe of production resords 

9. Kxpediting of manufactured and purchased items 


10. Analysis of idle machine time 
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THE NAVAL СШ FLET, БЇЭ1:5АРС117, 12031: 


The Hletory, Organization, and Physical Properties of the 
у. 5. Naval Urinaneo Flext, Indlenepolis, Indlena 


This plant was desiemei, sonstrustei, nnd staffed by a elwilien 
engineering company during World Sar II for the purpose of manufacture 
ing the Norden becdsight end releted equipment, end aircraft leed-coaputing 
Gunaight systema; some sixty thousend firo control Lastrumentse were manu- 
fectured during World ter II, 

Leto ín 1945, the plant was taken over by tne Мату, It is now 
being run under the cognizance cf the Bureau of urdnance, Мату Department, 
As a Naval Shore Éstablishuent, the plent has the following functions: 

(1) researoh ір, nnd engineering development cf, aviation 

fire control equipment; 

(2) the manufacture of that equipment; 

(3) the manufacture of line maintensnce stores; 

(4) the overhaul, modification, and modernizetion of fire 

control instruments, including redar sttechnents und 
their escesscries. 

The present staff of the plent consists cf the criginal employees 
who were indwoted into the Civil Service system et the time of conversion 
to neval control. Assigned to the plant are 11 naval officers and 5 en- 
listed men, and 1 Zarine officer and 40 enlisted nen, These officers aná 
men serve in the following cepucities at the plant: Awe Commanding Cffi- 
eer end Rxeoutive Cfficer, and in the Budget Uffico, the Mecurity Divi- 
sion, the Safety Office, the Communications Office, the Supply and Fig- 


cal Department, and the Nedieal Department. 
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Organized under the direction of the Jommanalag Officer «iih 
the assistance of the Executive Ufficer, the plant has nine departments. 
These departments ore divided inte divielone composed of sections, which 
are in turn subdivided into units. 4 struotural organization chart of 
the plant at the divisionsl level appeare in Figure 1. 

Lecated in northeastern Indlanepolis, Indiana, the plant oG- 
Gup les sone one-hundred-sizty acres of land. Its msin structure, the 
memafacturing bullding, is nine-hundred-twonty fest longs and five- 
hundred-sixty feet wide, covering eleven nnd з half acres of floor space. 
The plent racilities ere of she most modern type, including an aire 
eenditioning eystem sffording constant temperature aed controlled hue 
Bidity, with six complete changes of inside alr cleared through en elec- 
trostatíc filter in one hour. Heat is supplied by two cilebvurning stean 
boilers. The lighting system employs both direct and indirect facili- 
ties, and maintains a one-hundred foot candle Intensity st the wrk stg- 
tions. These modern facilities afford to the plant's staff the naximum 


in comfort and ideal working conditions, 
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The Eature of the Froduet 

Тһе product of the plentis aviation fire control systems, 
engineered and manufactured to meet service perforsence rejulrements 
end specifications. The mathematical expressions for tie solution of 
verious fire control situations are mechanized to a fine degree of ac- 
сигесу, Mechanical end electrcnic methods translate tho theoretical 
principles into useable systems, 

à component wiit of a fire control system is, in reality, e 
precision instrument. The exactness in the manufacture of a unit' a 
individual parts is comparable to that employed by the most skilled 
toolmakere in industry. 

There is a gwat variety of products amas the aviation fire 
euntrol systems, Thus, the system which te installed in a fighter te 
control the fire of its guns ie vestly different from that instslled in 
в high-altitude bomber to control the dropping of its bombs,  iào addi- 
tion of controls for torpedoes, rockets, and sir-leunched guidod mis- 
siles further inoreases the dissimilarity between tho fire control 
вуз ем а. 

The product of the plant is, therefore, preeision Instrumente 


possessing little unifcrmity among themselves, 
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The Problem cf | ruduction Jontrol 

The pleng is engaged іп a combination of Vie job shop and ip- 
termittent typee of mamifacture. This буре ої Sunmuifscture is charac- 
terized by the production of special orders and of a great vorioty of 
products in limited quantities. Ins year's time, tre pleni may receive 
three-hundred speelal orders which will require the prwiluction ol one 
hundred-thousend different Items іп average guentlties cf twenty-five 
units per ltem, 

Some of tho faetors which necessitate a complex produstion 
control system cro: 

1, Number of ultimate parts in the product. 

2. Kunber of different operations on each pert. 

5. Extent to whieh processes are dependent, i.e., those 

whieh cannot be performed until previcus uperations 
have bosn completed. 

4. Variation in capacity of machines for different clas- 
sos of work, In many industries speed of machines 
varies according to the neture of the materiel being 
worked One 

5. Degree to which subassembly exista. 

6. Degree to which customers’ ordera with specific dos 

livery dates occur. 

7. Receipt of orders Гог балу 211 Lote, 

The fact that the product, aviation flre wentrol equipment, 
is comprised of precision instruments having large variety emong them- 
selves eccentuates the factors listed above, 

The machine tools іп tho plant are of the general purpose 
type. Cn the whole, there is a surplus of machine tools. The apecial 
nature and complexity cf the finished product necessitates the design- 
ing of special testing equipmert. Normally, available comeercial test 


equipment is modified to mest the plant's spectal needs, In some enses, 


1 | 
Alford, Le Pe, Bengs, John R., FProduoetion Hanábook, The Ronald Frees 
Company, New York, її, Ү., 1944, рр. 75. 
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however, test equipment must be desigmed fram desie Гора 1518. 

The employees in the Machining and Assembly Divigsicns are 
okilled ereftanen, ach machinists is capable of operating several tyres 
of machine tools. The Assembly Division employees are, in many exses, 
qualified machine operators; and the machinists, in turn, are capable of 
doing assembly work, Thus, whea tho plant is overloaded with mach ine 
tool work, the Assembly Division employees cen te transferred to the 
Machining Division, The control of such inter-diviaslon personnel is a 
function of the Production control Division, 

To summarize, the nature of the product, the special equipment 
required in its mənuísoture, and the skilled staff of the plant present 


complex problems which must be solved by the Irodu2tion Control Division. 
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The Production Sontrel Division 


etlcn of tbe lroduetion control Hiv ie Icke 





The Production Coztrol Ujvision, one cf six divisions compri g- 
ing the Industrial Department, consists of three eestiens, the Fisnning, 
Methods, and lrogress Sections. Саа! of these ls divided into various 
units, The orgenization chart cf the Industriel Departwent, including 
tbe unit breakdown, eppears in Figüre 2. 

The Predustion Control Division plene and direets the sohedul- 
lag or produetisn activities; provides materials, tools, and specific 
manufacturing instrustions for the operating shops; maintains daily ficer 
checks to eliminate delays and work stoppages; moves stores and digposes 
of all manufactured items; is the ssurce of all Gute on production per- 
formenee, current and anticipated plant productive load, estimated pro- 
ductive and non-productive expenditures, current bul et status of pro- 
ductive projects and the Industriel Departacnt'a ms intenenee allocatlona; 
acts in en adviscry eapacity in the matter of employee’ level and ocn- 
Сега with the Engineering Department in the matter of product design for 
economical manufacture. 

The responsibilities of the sections of the iroduetion Control 
Division are as follows: 

The Plenning Seetion ia chargea with the responsibility of 
both long range and specifie project planning and scheduling; the order~ 
ing of Yaw materials and purchased parts; the Issuanse cf shop order 
kits; the preparation of charts end graphs indicating production per 
formenes transs, and cther statieviecal preductivn duta; the compile tion 


and reporting of production coats ti provide comperison between the 
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Fig. £ Organization Jhert o? Industriel Department 








original estimete and the ectual expenditure; and tl» @ontrol ОТ project 
expenditures. 

Тһе Bethcés “есбіоп із responsible for cont estimation fer the 
proposed production werk; the preparation of detailed procesa routing 
sheets (operation eheets) for component perts, sub-easemblies, finished 
units, end the necessary time to perform such operations; the ordering 
of all special tools ang gages; the designing end ordering of special 
test equipment; conferring with the Engineering Department regarding 
chungen of design which will facilitate production end lower costs, the 
roceipt, recording, end distribution of engineering Information to the 
Industrial Depertment; the advising of the Plant Laycut Division ragerd- 
ing the plecenent of machine tool equipment; end the recommendation cf 
prosurenent of specislized machine tool equipment and accessories. 

The Progress Section iw charged with the responsibility of dis 
triduting the ehop order kits; insuring the eompletion cf scheduled work 
on time; expediting the procurement of raw mterials, tocls, gages, and 
purchased parts; conferring with the various departeenta regarding svlu-~ 
tions of production “hottlenecka;” reporting weekly the production sta- 


tus cf projects; and the inter-divisional handling of materiala. 
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The Handling of a Proposal 

The Buresu of Crdnance, before allocating funds cr suthorlze 
ing e plent to begin work on a project, requires each plant interested 
in bidding on the work to submit sn 68511258 or proposal ss to the ex- 
pected delivery ste of the first completed item and the approximate 
cost of the project, Generally in letter form, the Ruregu's request for 
thie estimate is secaapsnied by rough prints and parts lists pertaining 
to the product, or by a word description of the product. 

This letter 1a received and processed by the Budget Office of 
the plant administration, The Proposal or Cost Lstimation amd Schedule 
ing Fora (Blue), Figure 3, is criginated in that offiee and eccompanies 
the prints to the Engineering Department, where they ere examined for 
the purpose of estimating an engineering release date, This date la 
then entered on tha proposal. 

Prom the Engineering Department the proposel end attachments 
then go to the Jost Zstimeting Unit of the Production Sontrol Department, 
where all the remaining estimates, with the exception of the delivery 
schedule, ere made. The Cost Zatimating Unit fills in the cost estimate 
columns of the proposal in terms of dollars only, The method used to 
arrive at these estimates will be desoribed later in a section on this 
unit, 

“hen the sbove cost estimation is complete, the proposal is 
then returned to the Project Scheduling Unit, where en estimate is mede 
аз to where in the work 1094 the project ces» be placed, when delivery 
on the finished products cen be expected, and in what quantity they can 
be completed during each period wmtil the project's terminaticn. 


The proposal and its accompanying papers are then returned to 
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-PROPOSITIO P 
| 1210021100 COST ESTIMATION AND SCHEDULING FORM 5020517100 
HuOrd Authority: 
FROJCODORDERKNO. EXPIRES ORIGINATING DATE 
CLASS OF ESTIMATE x JOB ORDER NO. 
TASK: | REVISION DATE 
x Classification: 
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the Budget Cffloe for flnel review, 18500199, and subulesion tc the ар- 
plicable activity. 

These estimations and information are presented in general form 
and are regarded es e tentative commitment by the plant. They serve as в 
bread besis for plenning by the Bureau of Cránanes, for cost estimation 


and spproximate delivery schedules, 
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The Handling of а Firm ostimate 

When the Bureau of Crinence has decided to authorize the plant 
to begin work on a project and hes allocated the necessary funds, this 
authority and allocation come to the plant in the form of a projeet om 
der number and on ellotment number, These are received by the Budget Cre- 
fice and ere processed in the sane manner a8 was the informetion perteline 
ing tc a proposal, 

The Firm ¿stimate or the Cost Latimation and Seheduling Tom 
(fhi te), Figure 4, is originated by the Budget Cffice and differs fron 
the proposal only in color end the amount of information thereon, This 
form end current pertinent information, which mey Inciwie more detailed 
prints end/or parts lista, are forwarded to the ingineering Department, 
The Engineering Depertment proeeeds ae expeditiously as possible with 
the work of originating production wginecering releases without ewelting 
a formal job order, This precludes delay cf the ongínesring release be- 
causo of delay in issuing e job order. If the fim estimates erè accom- 
panied by a work description only, the Engineering Department develops 
the printe and parts lists. <A revised engineering release date ia msde 
in greater deteil than іл the case of the proposal, 

The originated or revised prints and parts lists are sent to 
the Nethods Recorda Unit, who transmits a бору Ко the Material Gontrol 
Unit. The *aterial Control Unit uses tho information from the parts 
lists to determine whether the parts can be obtained from the Supply 
system or whether they will heave to be procured in amcther mrner. 

This informatice, together with the firm estimate, is then 
passed to the Goat Estimating Unit. Using the Information furnished by 


Budget, Engineering, md Supply, and their own intvemel work forma, the 
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Cost Eetimeating Unit makes an accurate estimate of the costs that will 
be incurred in the process of manufacturing a complete project,  Thía 
estinate is made as a result of more meticulous investigation then was 
afforded the proposal, 

The Firm Egtimate ls then returnsé to the Project Ichedul ing 
Unit for processins sinilar, with à few exeeption, to thet given the pro- 
posal. As well es estimating the delivery schedule, this unit breaks 
down each cost figure into manehoure and losds the firm order by months. 
Consideration ie given to the totel available man-hour саресібу of the 
plant and to the already existing losd when the loading of = new project 
is underteken,. 

The eompleted Firm Estimate is then retwmed to the Budget Of- 
fice Гог finel review, issuance, and submission to the applloable activity. 

Ag was noted in this discussion, the estimstes and information 
presented are the result of extended investigation and sre considered a 
definite commitment by the plant, since they sre зресігіс informetion per- 
taining to the Dureau's planning regarding 00508 згд acheduled delivery 
dates. 

The firm Cost Estimation and Seheduling Fora for a project 
astuates the flow of work in the Production Control viviesion. “here is 
a great exchange of information between Unite which, if included in a 
general flow dlegram, would become confusing, defeating the diegran's 
goneral purpose of giving an over~all picture of the work flow in the 
Product ten Control Division. Caly the general pattern cf the work flow 
is indfeated and only the more important forms mentioned in the descrip- 
tion of tbe funetíons of the various Units. The following diagram sho«s 
the general flow of work between the Units of the Proáustion Control 


Division. 
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General fork Flow Эйертат 


Production Oontrol Division 
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Shop Scheduling Unit 
Goat Control Expediting Unit 
Unit 
Jispeteh ing Unit 





irodustion tores 


The functions of the various Unita aro deseribed in ihe follow- 


ing pages., 
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Тһе Project Scheduling Unit 

The Project Seheduiing Unit plans the over-all plant achedule, 
issues the interne) scheduling fər the Production Divisiones, and compiles 
certain important production statistics which aid in formilating the 
plant's lebor requirements, 

The following forms are originated in the Projeet Sched ling 
Unit: The Internal Schedule Form, shown in Figure 5, indicates the re- 
quired completion dates of & project. The information contained in this 
form is taken from the Cost Estimetion end Scheduling form, and is dise 
tributed throughout the plent. ech division advises the Unit as ít 
completes its portion of the projesot, thus furnishing the Unit with an 
accurate record of the statue of each project. 

The Forecast of Productive Labor, Figure 6, is a chart which 
displays the over-all plent production forecast in terms of menehours, 
projected eighteen months aheed. The data is divided into pragram nume 
bers, and represents tre load on the verious depertmants. The main 
function of this abart is to determine the amount of new wort which ean 
be undertaken by the plant in the near future. The chart is sent to 
the Bureeu of Crdnence vie the plant administration, 

The Load and Performance Chart, shown in Figure 7, represents 
the efficiency of the shop relative to the time estimates of the Cost 
Bstimating Unit, This chart serves as an officiency standard for the 
shop, showing the amount of work completed by the shop eageinet the 
amount of work released to the shop by the Production Control Division, 
Sources of the chart's Information are the “eekly Machine Lond Report 
and the Fiscal Labor Raport. 


The Monthly Xan Load Summary is in the for» of a letter stating 
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Zf fer amy reason your portien af the above 
schedule cannot be met, please notify the 
undersigned immediately. 


When your portion ef the above schedule is 
completed, please date, initial and return 
this form to the undersigned. 


С. 0. MeGaughey 
Project Scheauling Unit 
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the man-hours of machinery, esseably, and tooling o99;l1e6tod In e month, 
Besed on the loreosst of Productive Lebor, 1018 воютегу recommends 
trensfers of labor between divisions and the 831489 905 o? vie labor 
force to meet the production requirements cf the Immediate future, It 
alao conteice a brief socount of the status of eld projecte, a report 
on the important oceurrences in and outside of ine plant durin. the past 
senth (suck a8 s naticnal coal strike), and their effeet on the progress 
of the plant's verious projeoto. This summery ic used for administra- 
tive guidance. 

The füow of infcrastion into the Unit, the forms originsted 
therein, and their destination sre shown la the diagram below. 
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The Methods Recards Unit 

The Methods Recorás Unit із responsible fbr receipt, stowage 
and distribution of Engineering deta and for keeping the meny files up 
to date. These files contain a variety of items, such as job orders, 
blueprints, perte lists, production breakdown sheets, and many others, 
One of the other responsibilities of the Unit is to set as a Collecting 
agency in mexing up the "folders" that аге originated to implement the 
production of « new тегі. It is obvious that it is necessary to have 
som means of keeping track cf just how each: job is progressing pertain- 
ing to the necessery prepsration of prints, routings, and meh other 
work that oust be completed prior to release of the job order to the 
Shop Sehaduling Unit. The Methods Records Unit accomplishes these 
functions. 

When a new part appears on the Froduction Freakiown “hoet, a 
folder containing the necessary information on the part is made up end 
sent to the Machine Tool Processing Unit where the Process Routing Sheet 
is made up on vellum paper., This accompanies the folder and is then 
sent to the Cost Estimating Unit via tha Methods Records Unit so thet 
they are able to tell at all tines just what progress is being made on 
the "folder." The Cost Zetimting Unit fills in the operator and set- 
up times in the proper columns on the Process Routing Theat, and the 
folder is then returned to the Methods Records Unit for reproduction 
and distribution o“ the Process Routing Sheet. The folder ía kept in a 
current file as lors as the part is being produced in the plant. 

Itens of different fora ore received by the Unit, reproduc ed 
in the reyulred nusber and distributed according to the needs, Yor in- 
stance, Parts Lists ere reproduced and sent to the folloring: 


тээ т - 
«өзде A E Ad а) ЖЫ «а өзіне ы? е 
ау тив уві GUA n tad lemas Yo еі гига ао бай 
n Dam gm DA 11 
¿adds плюе ts area rn ¿Pad Au Cima ива ога 
pectemi ten v ur dor ор ові FL E o saline e wit 35 aii 
ча сщ} т вее параю Pte Райр "әз" er CO зе єї «іі 
ome Of ағыс ч1 2: тыз өнім, 12 мото тис є чо modam 
aie dm ci se( dame шы Гар 10 QQ aie YS e Wa 
Cr P e gepatit aiun 00 mipi on s 62 лі 
LOL I DDR MM | 


о «оой палбан тмн 00 во счете мео о 
м» ә бе М Prag adt a un rowe 
мед suu sq edi нуу лээ pte Ber «ыдып эй et ЭШИ 
God? at An? ALE? cdt rs A ung өшін во че іле бі 
”- а — — е ару 0 анай роон ае баң 
ш» thee mise sü mot Pedr jant өп іс Ю ілі ж IGA vr oF 
Mu ae جرس‎ аа اہ‎ 0 
ads Res ma Seer sees e lê eem 
— * — 2 
ні ا ا‎ a مر‎ 
aan AP OE] iesca jd) رہ‎ фену чай aa жәйі ве Ir) RL 
әм»! ,-2% cua» t eerie un un rt уо aai 
DE V <ü w LINE Nr] 
— — врв AIF amnia 














































1. 
2. 
Je 
%. 


Original to file 
Ыазәгізі control 
Assembly 

Nathois Processing 


Blueprints are reproduced and sent to the following: 


1. 
2. 
Je 
4. 
5. 


әгігілші to file 
Tool Design 
Salvage 

Machine “hop 
Assenbly 


Process Routing Cheeta ere reproduced and sent te the following: 


Criginel vellum into rile 
Paghine Shop 

Assenbly 

Inspection 

fool Design 

Tool Room 

5ghedulisq 

Salvage 


- 2-4 ғ L... 
Po» s 280 
чою -—— » 

" "o4 po - Ñ 













oat we ie de 
- pod > 

tm my "m m 
= a ———— — 
b od „а «Вб а 
. > ый"... А 
шооны нь -—— ғ 
- а => -—- idii 

її не) ві", 











26 


The Жафегізі Gontrol Unit 

The Materiel Jontrol Unit requisitions the raw materials and 
purchased parte required for the plant's production, It is responsible 
for isitiating the sereening of the supply system fer available mater- 
fal, and for determining the eompenent parts and thelr quantity to be 
menufacturad in the plant, 

In the interest of an economical material cost, the Unit, se 
sistec by the Supply Depertaent, investigqnutes the required raw materials 
and purchesed parts to determine the mterials availeble in the exten- 
sive supply system, For this purpose the Unit originates the Firm Ro- 
quirement and Obligation of Kateriel Form, Figure 8, when the requ trod 
meverial is available, the Unit requisitions it through the Supply De- 
partment, the procuring egency for raw materials and purchased parts. 

The Producticn Breakdown Sheet, Figure 9, із {асова by the 
Unit, This sheet contains information as to the quantity ef eneh ecm 
ponent part of a project, determined dy the Unit from the parts list, 
prints, and en estimation of sorap and losses, The reduction Broek- 
down Sheet, the authorization to memufasture e specific quantity of a 
componert part, is widely distributed throughout the Preduction Control 
Division. 

Aleo isenai by the Unit is the Stub Requisition, Figure 10, 
for rew materiels and pnrehased parts. It ie the Unit's request for 
the Supply Department to proeure the required raw material or purchased 
parts, either from the supply system or [rum a commercial concern. 

The following diegres shows the flow of information into the 
Material Control Unit, the forms It criginates, and the information 


which leaves the Unit, 
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The йеспіпце 1501 Frocessing Unit 

The Засһіле То01 Гговевзіли Unit originates tho operatien 
sheet for each component part іс be menufactured in the plant, and is- 
sues requests for the designing snd building of the special tools, 
jigs, fixtures, and гирей required in the manufacture cf these component 
parts, 

This weit performs the work normally аяғіспей in Industry to 
the Production Plenning Department, The Prosesa Routing (or operation) 
Sheet, Figure 11, is one of the most important recorda kept by a manue~ 
facturing company, representing the “know-how” in the manufacture of 
eomponent parts, lt is formulated fron the Marts List, Production 
Breekdows, ond Interne) Schedules received by the Unit, 

The Tool Design end Build Order Form, Тісмге 12, 18 originsted 
in the Unit from the information contained in the terts List, the Fro- 
duction Sreakdowna, and the Process Routing Sheet. 14 outlines in gene 
eral terms the tools, jigs, fixtures, спа gees which the Tooling Divi- 
slon designs and builds for the camfseetura of the component parts. 

The folloxing dlagraun shows the flor of informatioa to the 
kachina Tool Froosseing Unit, the mterial originated ia the Unit, and 


the next destination of that material. 
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The Assembly Processing Unit 

Tho Assembly Processing Unit originates the assembly operation 
sheet aná issues orders for the tools, jigs, fixtures, gages and test 
equipment required for the assembly process. 

The speslalizstion of the plent's final preduct, avietion fire 
ogntrol equipment, requires a great amount of assembly work. Since the 
knowledge of inatrument sssembly is highly technical, the Unit must 
provide a detailed write-up of the assembly of an avistion fire control 
system, 

The Assembly Process Routing Sheet, in fora sírilar to Figure 
11, 18 originated in the Assembly Processing Unit. Experience is the 
most important factor in the writing of this sheet, «nien 1s oonstruoted 
from the information contained in the Parts Liat, the Prints, and the 
Production Breakdown Sheet. 

The Tool Design and Build urder Fora, similar to Figure lB, 
is based on informetion fron the Ferte List, Prints, end Assembly Pro- 
cessa Routing Sheet, The Aseeably Ггосәзз Routing “Sheet elso ineludes 
details of the required inspections; the Unit crdera the special test 
equipment for these inspestions. In some cases available commercial 
equipment is modified for this purpose, while in othere speoisl test 
equipment aust be desiimed, 

Equipment must be assembled in a definite sequence of cpera- 
tions; the Shop Seheduling Unit ís furnished this informetion in the 
form of a letter, the Letter of Assenbly Eit jJequence, which le s guide 
to the proper sequence of issuing the Assembly Kit. 

The following diagras shows the flos of the more important 
inforastion into the Unit, the materiel originated in the Unit, and the 


information deperting from 1%, 
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The Cost Eatimeting Unit 

The Cost Zstimating Unit originates an estimated cost of each 
project underteken by the plant, including tho project's direct labor 
end mterisl costs, 

The component parts to be manufactured in the plunt are osti- 
mated from informticn received from the Material Control Unit and 
other sources. The Cost Estimate fork Sheet, Figure 13, ів used to com 
pile data and 20mpute total costs; this information 19 transferred to 
the Cost istiretion and Scheduling Form. 

Frobeble operations and the time required for each are osti- 
mated by the Unit. The Kachine tool Processing Unit and the Assembly 
Processing Unit assist in the estimation of the operations required for 
the menufaoture of each component part. This data 18 entered on the 
Estimate Routing Sheet, Figure 14. 

The time in man-hours required fer each operation, including 
the machine tcol set-up tine is estimeted from past experience by the 
Unit. 

Ag an aid to the maintenance Of æn accurate estimate of 186001 
time required for each operation, the Unit records the actual tine re- 
quired at the completion of the job. With thia information availeble, 
the 0015 ls able to keep current the time estimates in relation to the 
885031 operstion time, The estimated tines ara recorded on the Gost 
Estimate Kork Theet and tho Process Routing Sheet. 

Phe Unit keeps the Material Gost Cara, Figure 15, for the 
purpose of estimating the project's material sost, Informtion from 
the purchase orders, whieh contain the current cust cf materials, is 


transferred to the Material Sost oerd which furnishes an upeto-date 
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resord of meterial costs for the Unit. 
The following diagram shows the flow cf informstion into, 


through, ang out of the Cost Lbstimating Unit, 
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The Shop Scheduling Unit 

The Shop Scheduling Unit assigns to the Machining Division the 
manufecture of the eomronent parts and to the Asseably Divisions ihe ag- 
sexbiy of these parts inte completed items, The Unit meintsins a cur- 
rent record of work load in men-hours, which forme the basis lor the ede 
dition of new work to the shop. 

Figure 16 shows the Shop Order Kit, the shop's euthority to 
manufacture a component part on assembly. This form is complied from 
inform tion contained in the Process Routing and Production Breakdown 
Sheets aná the Internal Schedule Form. The required month date of the 
component part's completion is given on the Shop Order 71%. The shop 
is thus scheduled for work by months In terza of man-hours, The Shop 
Onder Kit consists of eight vari-~colored IMM oarda, each color having t 
specific usage. The yollow material identification card is the master 
card, eccompanying the shop order from raw materinl to eoxpleted com 
ponent part; the green ecard is the material requisition гага, ete. 

The “eekly Machine Load Summary, Figure 17, is iseued by the 
Unit. It serves as a meena of determining the relativo operating ef- 
ficiency of the various units of the rroduction Division, end is the 
basis for edding new vork to the shop and adjusting potential man-hours 
of labor between the Production Divisions. This report contains infor- 
mation on the number of men-hours released to and completed by the shop, 
and the present amount of work available for ihe shop. 

The Unit 163008 the Assembly Monthly Cehedule mhich estes 
blishes the sequence of work to be accomplished by the Assenhly Divi- 
sion during а menth, Zines there are many unpredictable tise-consuming 


variables in the ansembly of a highly complex instrument, the Aseenbly 
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Division is not scheduled fot work in terms of man-hours per senth. 
The probable time required is availeble in a rough estinete, from which 
Gata tho Assembly Monthly Schedule lists the projects! miorities and 
the required monthly delivery rates of the assembly units, Normally 
the Assembly Honthly Sehedule overloads the Aseeaxbly Divisions in terms 
of manehcurs of assembly work. 

The important forma received in, origimated by, and sent from 


the Unit appear below, 
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The Bxpediting Unit 

The Expediting Unit is charged with the responsibility cf sen 
ing that the msterlole for a shop order ere loented phyaleally in the 
plent prior to sending the chop erdera to tho hop end that ell shop 
achedules sre met. The Zxp»editing Unit initiates suggestions for sub= 
atitute meterials, aad originates requesta for new work te repleee the 
"rejeota" on Job orders, 

In order to prevent oonfusion in tho shop, "hop irder Kita ere 
not released Гог manufacture until the nessasery row muterisls fer tham 
have been reselved in the plant, 

After reeeiving the hop Order Kit from tho Xethods Records 
Unit, the Expediting Unit holds the kit until the Stub kequisition пое 
eeipt is rocoived,. This recetpt is issued by the Supply Department 
after the material has been received. The Unit neinteins a record of 
all ihep Crder Kits алі the required material for each; it alao makee 
a weekly check of all kite being held up beosuso of e lack of materials. 
А biemonthly record of al ouch hold-up kits is sent to the Mead of the 
Produetion Control Lívision. Ths Unit expedites the procuring cf mator- 
fale through the Supply Depertaente 1а вото оъѕев, the Unit originates 
a substitute material upon the approval of the Methods section or the 
Engineering Division, In other caves, such 2 oumyostion for subat1- 
tates болов from the shop or the supply Department; the Unit 1s respon- 
aible for heaving thease suggestions approved by the Setkods 26614108 ОТ 
the Snginecring Divis lens 

When parte ere rejeated by the Inspoctlon «¿vision end sorapped 
by the Selvage Division, the Information is reccrüed on the back of the 


Waster Sard in the hop Order Kit, ‘After the Expediting Unit receives 
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the Kaster Сага, 1% originates e "serep replecamént request.” This fora 
із sent to the Anterlaäl Gontrol Unit, after whieh it fs handled in the 


game manner es the origins] Skop rder Kit, 


A general work flow diagram of the Expediting Unit la shown іп 


the ehari below, 
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The Dispetching Unit 

The Dispatching Unit ia responsible r tho releasing of work 
to the shop and asseably divisions in accordance with the schuäule,. The 
Unit performs "trouble-shooting" activities to coordinute the materials, 
machine tools, ond work fer the Production Division, The records charte 
ing the progress of the assigned work ere kept by the Unit. he material 
bendling problema of the plant are also a responsibility of the Dig- 
patehing Unit. 

The Shop Order Kit fts received from the txpediting Unit, ani, 
with tie exception of the Material Requisition Card, the kit is placed 
in the appropriate pockst board, The pocket boards are arranged by 
Machining and Assembly Unita by months. The Shop Order rit is taken 
from the pocket board by the Head of the Unit, who establishes the se- 
quonee of work in his unit, based upon the completion date on the Shop 
Order Fit. То start a new job, the operator obtains the Мафетізі Не» 
quisition Card from the Dispatching Unit, and drevs the rejuired mater- 
ial. The Unit assists in the movement of mtarials fron the sboreroom 
to the workplace. Tho Unit tranefers the partially cnoepleted job to 
the next scheduled Unit, and the Shop Order Fit to the appropriate poa- 
ket board of the next scheónled Unit. Thus, the location of the Shop 
Order Eit in the pocket board serves aa a progress record of the (09, 
The high priority Shop Order Kits are designated by a special color 
code, and these jobs ara given special expediting &ttontion, 

The Dispatcher's Filo Card, Figure 18, is used to reeard pro- 
gross of the shop orders ani tool shortages. The Unit makos a daily 
floor cheek, gathering the data on the operations on the jobs in proe 


coso. This date is recorded on the Disprtsher's Pile Cerda 
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The Tool Shortage Negort, Figure 19, is а ropaet to the Tool 
Division, listing the jobs being held up because of a laek of tools. 
This report is submitted weekly, and ite information is derived from 
the date gathered on the daily floor cheoks. 

The flow of informtion into, the originated forms, end the 


forme departing from the Unit are shown in the diagram below. 
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The Cost Control Unit 

The Coat Control Unit records the oommitment and expenditure 
ef funds for the various productive projects, «nd enalyres estimates 
and expenditures to ald in locating dlacrepancies, The overhead budget 
for the Industrial Department 1s prepared by the Gost Control Unit, 

The Job Crider Cost Control Record, Figure 90, fa maintained 
by the Unit, information being transferred to thle resord from the Stub 
Requisition, Purehese Crders, fublie Vouchers, and Closed Shop Under 
Tabulations. This resord is an accumulative finaneial sheet giving the 
amount of funds avsilsble, the amount expended to date, and the amount 
remining for the Job. Also shown is tho verlence between the estimated 
end the actual cost of each job order, a9 well a9 the accumulated 
variance. 

The Request for Neviaion of Job Order Eatimetes la in the form 
of a letter, used to request additional funds for a Job order when it ia 
apparent from the Job Order Goat Control Record that the sliotted funds 
ere not suffiolent, This request ia sent threvgh the lead of the Fro- 
duction Control Division to the plant's administration, 

Also in the form of a letter, the Shop Order Report is sub- 
mitted to the Jost Estimating Unit and the Meshining Division, showing 
the variation between the estima ted and actual labor hours of the shop 
order. This repert presenta variance data to be investignted by the 
vost “stimating Unit end the Machining Division, Information contained 
in the “hop Crder Яерогі 16 tazen from the Job Orier Cost Control Resord. 

The Request for Station Maintenance funds for the Industrial 
Department, Figure 21, is made up by the Unit from Information contained 


in the Department Budget Report, the Leave analysis 3erort, and the Tabue 
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lation Uverhead Labor Report, This request censlate of entimoetos of 
the required overhead funds for the Ináustridel Department, 

The follewing dlegres ehows the flow of information into the 
Uait, tke materiei originated therein, sand the next destinstion of that 


material. 
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The Sroduetion Stores Unit 

The Produetion “teresa Unit composed of the Finished Parts 
Stores, Semi-finished Parts Stores, and Rew Baterial end Sesting Storee 
ia charged with the responsibility of recelving, storing, sná issuing 
ell producticn material in presese of manufacturing, This material ine 
clules raw stock, purehssed parts, and manufmetured parts, either аєті- 
finished or finished, 

Furehesed parte or rae material co«lag inte the Unit from the 
Supply Üepartment are accompanied by e copy Of a > Requisition, 
Material or perts manufectured in the plert are accompanied by the Yel- 
low Shop Under Waster Card from the hop Créer Ait, ll incoming master- 
lal or parts ara identified as to the project number to which they ap- 
ply, the’ part number, the Stub mumber of Jhop Order number, depending on 
how received, and the quantity received, The material or parts ere 
then stored in the area nllocated for thet particular projact or as 
dictsted by the form of the material (such as raw muterisl in big 
eheets). Information is taken from the Stub Requisition and the Shep 
Crider Master Ceará to record the locetion of the materiel on the Finished 
Yarts Lovator recent, Figure 22, and to set ee additional information 
for the erose-referense Tile, ‘This informetion ia also weed to make the 
appropriate entries on the Comtitienti and 2505208 Tecord Carde, Figure 23. 
This record азба ss the balance of stores ledger usei in « lerge number 
ef business еспеетпе. Тһе cross-reference file srcken of is meintained 
in order to facilitate the shifting of materiel cr parte from опе pro- 
ject to another when applicable, iowever, sush shifting must be cleared 
by the ixpediting Unit prior to the shift, The Finished Parte Locator 


Record, mentioned above, le used es a means of quickly locating sny part 
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REQUIREMENTS PROCURELENT DATA STORES 
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— — 18 done ов 
Ет. green Chop Order Mester Card ond the transaction Ls cone 
: reverse order ag explained for tnooming parts or material, 
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. 
эв SYALUSTIOA LE ГА: TWO QUTU 47 (w тив 
Ar Me ANG. STAL FLUID 144 45446 


Jefieltion of Fredustien genir l 

Frodaction Control mey be defined as “tie am tal 464 сВуг1са1 
 Veehniques and prevedures employed to the end thet the rleht quectity 
ana ality of a prodwet shall be produced at спе 225 time by the best 
and cheapest зебһейв. "2 

Criteria for £raluetion 

There is a wide Stiverslity 21 opinian de ws literatura “e grs- 

@retlon control ag te the funetions which aheuld be teeluded in a pro» 


 4ustioR control procedure, The functions Listed Below represent some 





or Wose eppearing in most al the texte of the "ibliocraphy. 
1. (fhe preparation and [sauanoe ef production orders «and forms 
such ай work orders, time ourds, seve criers, забегізів 18- 


ate slips, tool iseue slips, etc, 


Р 


Parchese requisiticalng to obtain ган әжбетізіз ее) агесіві 
ltems bought outside 

Freparstlón of route sheets 

“ore 9010601116 

Plent loading 

Sort diepatehing 

“atermination of the labor requirenente 


219? 


ч 
e 


B, Maintenence of prowuction recorite 
9. bxpeaiting of mnufactured and purehered items 


lo. Adelysis of idle machine tine 





8 Bethel, — 1.5 Tun, falter ЭР — Medita - оға. 
5* notior Lrol, VeGraw-Llll Book Оәеҙғеау, Ізестрогвое4, 
яр. 
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Бізозявіса 
It is understood that not every produotion control prceedure 
will inelude all of these functions, and that sone procedures may ine 
81160 others not listed here. for the purposes of this evaluation, an 
enm&lyseis of tha production ecntrol proeedure at NJ. I has been conducted 
to determine how the functions lieted above ara serumplishei, whether 
or mot impreved means of atccmplishing tha funetions gan bs raccoumendad; 


and lf the functions aro not accomplished, whether or not it is deemed 






adviseble bo perfora the fuastions. 
Insuance of 7rodnetivn triaers sand Forma. The fune» 
tien of prepering ani issuing produetion orders aná forms lB sheared by 
most {Гг not all of the units of the Production control Division at the 
plant. The several units prepare ad isaus ths orders end foran that 
sere apolisable to tnaeir primary funetions. Fa white asd the forme 
they originate ard issue ero very >brisfly deseribed below: 
1. Material Tortrol Unit orfwinates snd insues ihn following: 
ha The "tub Requisition, used to requisition raw meterisls 
snd purchesed parts 
В. “he Fira YWeqiirement and tbligation cf Vsterisl Form, 
used ss a Beans 07 streening the cupply syste: for parte 
needed on s project 
C. The Froduectíca Breakican Sheet, egtablishing the quentity 
of a component pert to be manufactured 
Bs 7rojeet Seheduling Unit orlginctes end lesuee tho following: 
Ah. The Inté$rusl Johedulo, establishing the completion date 
of aech project 


В. The Forecast of Frodnctive Labor, establishing the over-all 
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pro duet ion sohedule of the plant 

С. The Kan Load end Performance Chert, an effictency stendard 
for the shop, showing the emount cf work completed by the 
shop against the smount of work relessed to tha shop 

D. The Menthly Man Load Summary, a report including the utili- 
gation ef manehours for the past month, reccomended inter- 
divisional transfers of personnel, and etatus of current 
projecte 

3. The Mop Scheduling Unit originates &od lesues the following; 

А. The hop Order Lit, the authority прог which the shop 
etarts, prosesses, sad completes а job 

В. he Weekly Machine Load Report, Indicating the amount of 
werk released tc, completed by, and surrently avsilsole to 
the shop 

Cs The Assembly Monthly loredule, а monthiy acheadule ind!cat- 
ing priority on pro jae ts to be assembled 

4. The Dispetehing Unit originates and lspues the following: 

he The Dispatehor's File Card, used to record tool shortages 
and the progress of the shop orders 

В. The Tool Shortege Report, used to indicate what Jota are be- 
ing held up because of the leex of tools 

5. The Expediting Unit originates and {запоев the following: 

A. Thè егар Replacement Request, used to originate the work 
necessary to repleee parte that hevo been rejected or 
зотаррой 

The fonction of preparing sad fesuing proluction сгавге and 


forms ig accomplished at the plant in such e manner ов te ald end Caclli- 
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безе the service rendered the production divisions, Che present distri- 
bution of the responsibility fer preparing and lasulng the orders scd 
forms is the result of vaericus changer in the system through continuous 
investigetions seekinz inprovemnent, 


The funotlon of ог іе іла ар send issuing рого 





Ohase requisitions to obtsin rew materials ani purchared itema ів ncson- 
plished by the Msteriol Oontrel Unit in the fora ef s tub dequisition, 
The Unit receives the Parts list, tho Prints, and thu Com Feat inet ing 
asd "eb*àuling Forma from this infurmticn, tbe Unit issues tho Frodue- 
tion Breakican Jheet which establishes the quantity of tho various соте 
ponent perts., This eetebliehed quantity includes the Unit's estimation 
for serap snd lossee, Using the rroduction Зговю яп Sheet в» а guide, 
the Unit investigstes the Supply catalomes to asvertain whether the ree 
quired material is listed as e stock item, Ir the required material ape 
pears in tha catalogue, the items are listed on the “ira Requirement 
and Obligation of Material Form, oriainated oy the Unit and зеді іо the 
Supply Depsrtmert. The Supply Separtment processes these itera to de- 
termine the ovailabllity, lcostfer, cost, anl estim*tel delivery date 
of the msterlels, “his informetion {а resoried on the Firm Nequirsment 
and Cbligetior of Materiel Fore whiter fa then returned to the Metertel 
Control Unit. 

Upon receipt of this fourm ani if the Засріу Department has 
indica ted that it is able to furnish the required materlels by the dete 
Gesized, the Unit regeisitious the muaterisls frum the upply Department 
by Stub Requisition, If the Jurply Depertaent ie aueble to furnlah the 
required materviels from tbe available supplies, the Unit ісзаов s Stub 


Requisition authorizing tbe purehsse of the required axterlals from в 
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eivilien concern, This “tub sesulsition is also sent to tho «apply De- 
partment, the prosurement egancy for all materials, 

It sosuns inevitable that aovernment supervision brin:s vith 
it a tine-consizing complex systez of mtsrisl precureeent. Tio very 
mature of federal direction of a plant nocessitates sore “ret tano” 
then private industry encounters, The system of mtoriel proc resent 
at NOPI, however, reduces the complexities of government s 5L tion to 
à minimum, and eecomplishes the job in the shortest poseible time with 
а какілып 0f personnel eoonory, Tha fact that NCPI emplevs wm well 
versos in the intriesecies of government remiations sonteibetes a great 
8881 to the efficiont functioning of purchase recuigitioning st the plant. 
The Prepare tion of Zoute “эвдэж, The preparation of the route sheot 18 
secomplished by the Овор Scheduling Unit by the issuing of the hop Gr- 
der Kit. The Unit receives the Process Routing Shnet and the reduction 
Dreakdown “heat, end maintains a load chart in terms of лю ars for 
each Machining Unit. The routing of 6 component part is eatebiichad by 
the Unit from information contained ín the Process Routing hoot, which 
indicates the type of machine that ia to porfora the operation, end in 
the lead chert giving the load of the Machining Units, Thus, the rout- 
ing is performed in terms of Machining Unita, whose Sesiscnetiar numbers 
are placed om the "бор Order Kit corresponding to the Listed operation 
numbers, 

The designation of the specific cperator and machine for each 
operation is accomplished by the Heed of a Machining Unite 

Tha above procedure for the preparnaticn of the route sheet 
fulfills the nesds of the shop at МОРІ, The routing is based pon the 
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menehour method of leading the shop, This basis In need because the 
aveileble men-hours of laber is the limiting factor in the plsnt's pro- 
ductive capacity. The wide dissimilarity of the plest's products sakes 
it neseseary for tho heed cf a machining unit to determine individuslly 
the specifie operator and machine thst should perform a certain job. 
In mony cases, the required aschining tolersece cf a job le such thet 
oBly a zpeclfio operator using x specifie machine oon accomplish the 
work. Тһе head cf в mchining wilt, frem pest experimisce, Le able to 
assign suoh operators end machines for e specific job fer better then 
could the Frodustion Gontrol Division were such a detailed routing pro- 
cedure attempted. 

From the point of view of the needa cf the sbop sud minimum 
overtiiesd expense in accomplishing the preparation cf the route sheets, 
the procedure used at NOFI is excellent. 


The responsibility of seheduline "ra i» Sharad by 





several mite la the plant, The Forecast of Frotuctive Labor farm is 
originated by the Frojset Jehsdul ins Unit, estsbllsr ing ths over-all 
prodhetion schedule ol the plant Tor epproxiassely ei teen months in 
the future. ^- дси projest is coordinsted 1050 1716 over-all schedule 
by the Unit «ith à proposed delivery date determined, Using thie de- 
livery date ее в goal, the Unit then nekes up an Interns) Schedule on 
the project. This is peseed on to the Shep Scheduling Unit tc serve 
aa the basic schedule for the various component parts, The пор Tohe- 
dealing Unit deter ines the oompletion dete required for each component 
part according ta the requirements cf sub-assembly schedules, machining 
time required on subeassembliles prior to final asveubly, ete. This ad- 


Justed completion dete iz placed on esoh “wy crder Kit (one for each 
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component part), еп the Мор огдег «158 вге гесвітад Бу the Jispatch- 
ing Unit, they ero pleced in the pocket board pertaining to the Machining 
Unit indicated on the Ait аз that Unit by whieh the part is first ma- 
сһіпей, The liod cf eaoh Machining Unit tekes the cerde from the appro} 
priste pocket boerd and, after considering the completion datos indi- 
eated on the Shop Urder Kits, he establishes the sequence in which the 
1098 8111 be processed, 

The oritisal festors of s eeiling on pe rtonnel and the песен» 
sity Гог loeding she plant by man-hours meke thie the bast type of sohee 
duling for the plent's needs, ihe eetual "when" in terme of a certain 
day or bour ов whieh в регі is to be sterted has to be determined by 
someone (in this casan, the Mead of the Kschinina Dait) who is in direct 
oontect with and has charge of the men in the Machining Units, 

the system of scheduling 45 practiced at the plant ie basleally 
siailar to the aceepted practice in most commercial concerns. It is 
felt that the etheduling bas to be done in this Genner tc coordinate 
edequitely into the over-all plant schedule all the "wey dissinilor pro- 
jects thet sre allocsted to the plant for productions 
Plant Leading. The function of plant loading Is accomplished by the 
Project Gcheduling Unit ond the Shop Icheduling Unit. The plant ia 
loaded in terms of man-hours of labor per month. The broject Jchedul- 
ing Unit Lues the Foreesst of Productive Labor, e chert dieplaying the 
over-ell plent Production forecasts іл terms of чопебпомга, projected 
eighteen months ahead. Various new projeets пге aided te the plant's 
load achsduls be@ed upon the required delivery dates of the Buresi or 
Ст@ёлашсе„ From this load schedule, for each sew project, the Fro] oct 


Seheduling Unit processes a Cost ¿stimation and ‘eheduling Form whieh 
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shows the expected monthiy delivery rates cf the project. Based on 
these delivery rates, the Unit Issues the Internal Jeheduls which shows 
the completion detas of the verlous sub-essembi les, 

The Mop ochetuling Unit maintains a loni chart in msn-hcurs 
by Maehining Units. From the information containeí in the internal 
Gehedule, the Jhop Jeheduling Unit loads the *aesinins Units to espacity. 

То record the cempletion of work for the purposes of nújuat- 
ing the above londing proeedure, the sompleted ‘hop Onder Site are ree 
turnei to the hop "cheduling Unit which in turn rrewves the ecmpleted 
wor from the load chart. The Unit issues the пови іу Bachine Load ie- 
port wich eonteine the number cf men-houra aompleted by and the present 
emount of work avalleble for each Machining Unit. his repert is ree 
eelved by the Projeet Seheduling Unit which makee the proper sdjustaents 
to the Internal “ehedulse, the vost Estimation and ‘cheduling Fors, and 
the Forecast of Wroductive Labor. 

Since the funetion of plent loading le elowely Integrated with 
the functions of preparation of route sheets und wri scheduling, the 
procedure ^f pleni loading et HOPI is performed by the заве personnel, 
The system рег"! 53 great flexibility, a fuetcr necessary in an organi gr- 


tion producing emipment subjeot to continucus ehnnge, 





The funstien cf work dispetehing is done by the Dispatehing Unit of the 
Froduesion Control Uivision, The op Urder Äit, the suthority for all 
work done In the ор, іа геевїчед by the Лерефонійс Опір from the Ux- 
pediting Unit. The kit has a notation on the master card indiesting the 
month of completion. The Jispetching Unit takes all the carda in the 


kit and perforates tee indicated month of completion on the amail 
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eslenásr sercos cone end of the card. The kit now indigetes to anyone 
who handles any of tke cards just when the part te due for completion, 
The Digpatehing Srib contains several pocket boarda, arranged by Ms- 
@hiaing Units aad montis. The kit, minus the “eterlel Requisition Сага, 
is plecei in the appropriete pocket beard of tbe bPaehiring Unit sohe- 
24161 for the first operation, The “bop (rder Lite are taken from the 
росі bosrá by the Bead of the Sachining Unit, abe errangea the sè- 
quemoe 57 the Boy Order Kits, and issues thes to the operators. The 
OpePetor first goes to the Dispstohing Unit to bain te Фабегіаї kee 
quísition Jard in order that he may procure the nevemery enteriols. 
This gives the Ulepetciing Unit the conmencesoni te on the "дор erder 
Mit which is recordo on the Lispstcher’s File Jam, 

The kop irder Kit consisto of variouw cclored 1M oerds, «6 
has bsez indicated &bove, smong these cards is the cne for material re- 
quisitioning. lso included in the kit le the teol requisition carg 
(the brown curd). Three very necessary functions of Viepatching have 
thas far beer: seedmplished, вод they are the relengs 01 the werk order, 
the песегівї, an? the tool requisitiona 

Then the operations scheduled for a 4adhining Vnlt sre com 
pleted, the work piece end the Shep Order Xit are returned to the im 
patching Crib. Tus Chop Order Hit 15s placed in the posket boar of the 
next 938982104 Mechining Unit, and the werk pisso із stored in the vi- 
cinity of vee Olapatehing Crib, This proceiure 1s repested until the 
job lp completed, ot which times the Chop іт4ег 21% 16 elesed out and 
the yellow Qogter cera returned to the Bop chatuling Unit, 

opproxi@ately eighty-five percent of Ihe werk on one cemponant 


регі ls eeataplieied by cne Sachining Unit; tive only about fifteen per 
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сөзі of the work mast pass throwsh the Dispatshing Crib @ second tins. 
In order to prevent the lore of time, additional material hendling, end 
traffic jama in the Dlevatching Crib ures for this fifteen percent of 
the work, it is recommended that the materiel henblers бе instructed 
to — the work pieces and “hop traer Eits directly 50 the next 
s5heduled Machining Unit, informing the Dispatehine 2rib of the move, 

The status of the various jobs ia indicated by the location 
of the Shop trder Ait in the various pocket bosráis, ond the information 
yesorded on the Dispateher's File Card. As mentioned ebove, during the 
process of performing the msmequeneo of cperations reyuired on с сомро- 
nent part by sach successive Machining Unit, the hep «гйег Xit is pro- 
greosing to and from the pocket board corresponding to the same Kachin- 
ing Units. “his location of the “hop Urder Kit iz tho various pocket 
boerds serves as а rough progress report. ¿ne Unit makas a daily floor 
еһеок of the shop, recording the progress of auch job, This inoran- 
tion is transferred’ to tho Dispatoher's Flle Card, Time, the Unit 
maintains & eurrent reesrd of the progress cof each job, 

The funations of Лерезезілгр an practiced et tre plant secom- 
plishes the service requirements of the shop. Although thia system, as 
do most involving wort diapatehing, requires much attention tc detail 
and groat веге in reecrdiing procedure, {t assures case od accuracy in 
escortuining the progress of jobs, Uther then the sucgestion sbove Гог 
ths possible ell@ineticn of lost tie» end traffic Jamna in the 11 ра 
ing Crib area, the author rates the НОТІ system cf work dispatching as 
adequate and well mited to the needs of the plant. 


ments. The function of detemining 





the labor requirements of the plant ís accomplished by the Project 
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Scheduling Unite The Unit recommends both ілсегейзітігсісге1 enploy- 
ee transfers end adjuatrente in the labor force, Lea», the hiring and 
firing cf есріоувса, ‘Theze recommendations ara premred in the fora 
of « letter, the sonthly Kan Load Summary, whick is submitted through 
the Head of the Production Control 0171 ті оп ъс higher authority for 
ection. 

The information from the above letter la tarea from the Гоге- 
Cast of lroduotive Labor chart. By comparing the avallable man-hours 
of labor with the requirements as indicated by the chart, the Unit is 
able to поке an accurate estimate of the labor needs of the plant. 
Sinee the employees in the Keehining and Assembly vivisions sre exllled 
erefteme:, and in many cases, ere capable of working in the several Units 
of the Machining and assembly Divisions, tie Project *cheduling Unit 
recommends tho transfer of personnel between these two divisions to 
equalize the estimated work loud. Chen the work load cen not be care 
Pled by the current staff, the Unit recommends the additions to the 
staff, 

The current trend to inelude the hanálin, of labor require- 
ments anong the functions of the production control division is ro- 
flected in the procedure at ГОТ. Until recently, this has been the 
responsibility of the personnel division in most planta, or of the 
foremen, whose ability to foresee future chenged cenditions is noct- 
seerily limited. The personze) dlvialon ia alded by the rrodueticn 
control division in its job of ascertninine the type of labor to be 
hired to handle ілегезсей produotion. This system s-ems to meet 
adequately the needs «f the plant. 


A possible imprevement in the existing system might be the 
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imelugion ^f a Men Load Shart of labor clessifications so facilitate 
the assigning of the right man to the right job,  ?he basis for this 
selection la now man-hours; а man ig selected for a joo without ref- 
erence to his labor grade, If the degree of hie skill were Taken Into 
eonsideretion, 1t micht insure « mors exect matching of the man and 
the job. 

Sith the exception of this poselblo refinement, the euthor 
feels that the labor requirements of X.fl are hamile well with a 
maximum of efficiency, 
Maintenance of Production Records. the function of Ihe mmintenanse 
of production records is ecconpliahed by the ¿rojeet cheduling Unit 
ema the Skop *ehedullng Unit. The Seekly Machine Loed "sport, 188004 by 
the “hoy ^ezedullu- Unit, contains the nutber of wen-hours of work 
completed by she shop, This report is received by we Project 70164- 
uling Unit end weed to construet the Unit's load end « erformanse 
chart. This chart consists of teo portions, the performance portion 
only being áiscussed here, The parfermenos chart presenta four 
curves: the perfurvance potential In ssen-hours per eeek; tho monthly 
average cf the performance potential; the work completed in man-hours 
per week; the monthly average of the work completed, The cerformance 
potential curves sre besed upon the estimation of the cost Lgtiesting 
Unit, The work completed curves sre resoried times required by the 
shop to complete the Sop Urder Aits, The two weekly curves show s 
certain amount of rlastuntion. “he Sonthly everagea sre used to dig- 
play the trend, anu serve as en efficiency atendari Гог the shop. 
“ken the monthly everse® of the work completed curya drops below tke 


eighty-five percent value of the monthly averasre of the performance 
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potentiel curve, tho nitustiíon is investlgnted 5; tun Keada of the 
Yreduction Control Givision emi tho Mechining Jivision, 

wits system cf maintaining production records sakea ahon 
performance resdily apparent, te weekly оноос 1з af sufficient fra yueney 
end thoroughness to aawure en goturate acecunt of work protest. ors 
reports cade in more detail or required more often, a superfluity of 
recorda would exist, aed an annevessery sire !s plaset cn personnel 
effort in bendling them, The system of cainteinine production resoris 


es employed no ¿0ubt sids сопзі јегар1у the smeoth and efficient 


eperation of the plant. 


The function of age 





pediting memfeeturee and purchased items іа accomplished db; the 
Expediting Unit, Te prevent e Shop Order Lit from reaculsg the aop 
prior to thm tine the required aaterisls ere sveilablo, the Exped- 
iting Unit asserteins thet the materials ara physicelly loerted in 
the plent befers releeaing the “hop Créer Kit to the shop. Thus, tho 
Unit reacivos We “Wer vrder Cit from the Yethods Чесогае Unit, and 
the Stub tequisiticn leceipt fron the Supply “epertsent. Thie latter 
боме denotes tos errival of the required material et the plant, The 
Unit makes a weekly cheek of all kits being hela up beceuse of e 

leek of Seterinls, "03 нокоз а bilenonthly rerort of euch helé-up 
Mita i tie Need of the Production Control 21916101, 

&n important festure of the expediting functien at the plant 
is t^e manner 16 Which the Unit handles the substitute materials. 
There are two genorel types of substitution of materials; one is e 
@hange in the tyye and chemical composition of the original material, 


and the other is а substitution of the sume material alletted бо dire 
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ferent projects, The former substitution oT material хө-мігез the ap- 
proval of the Methods Section op the Imginsering Oepartnart, The Ex= 
peditíng Unit follows through on this type of ehange by securing the ape 
proval for the sudstitution from the proper groupe To agvorpiish the 
second type of substitution of material, that of usin» tue сәсе material 
which has been allotted to a different project, the Mpediting Unit 
maintains a record of all “hep Order Kits and the required mteriels 
for each, If two Shop Order Kits use the seme materials, om the avail- 
&ble setericl has респ allotted to one Shop Order Eit whose use is bee 
ing delayed pendine the arrival of other component parts, the “xpediting 
‘Unit suthorizes the necessary change in the allotment of the m terial 
to permit the manufacture of at least one part. 

Since tke ability to adapt to continuous ehan se is «song the 
primary re;uisites of sa pleat such ag NOVI, the flexibility of the 
plant's existing expediting system lends itself well to the olLwt's 
needs. A more rigid system would hamper the emooth and efficient flow 
of the manufactured and purchased items into the mainstream of worke 
Їл addition, tha "red tape”, which NOPI's flexibility of | she has ouo- 
eesafully rojuced to a minimum, would cause a tie-up in the work flows 
possibly necessitvte an inereased number of employees to handle "smrl- 
ing"; end, conseguestiy, add to the plant's personnel expenses, In- 
ereased expenditure la one ef the things most diligently avoided at 
NOPI; efficient md speedy delivery of the product ia ons of We plant's 
chief goals, since the expediting system at the plant preventa the for- 
mor end effects the latter, it is the appraisal orf this sutdor that 
ROPI's present system із excellent. 
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analysis uf lále Machine Time. The function of analyzing idle @eehine tine 
is not accompilahed at the plant. Shen thë plent tse converted to Davy 
operation in 1945, the basic plens wero to desizn flexibility into ihe 
productive capacity of ihe plant. For this purpose, three machines per 
employee were installed in the shops. Due to the ever іпсгеатіпе ie- 
Mends upon the plent, the present ratio hes dropped to two machines 

por employee. Tho plent, however, continues to possess an excess of 
@echine tools in relation to the employees. Thus, en analysis of idle 


“wchine time would prove cf no use to the plant, 
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Сет 


This investigation hes resulted іа the gereluaicn thet the 





| production sontrol preeejure preesised at the Naval Uránence (lent, 

Imdianwpelis, Indiens, ewbodies and employs sil of the surrent basic 

` ¡ppreñuetioón control priuciples required to meet the регбісоїог needs 
ef aueh & plont, The procedire ls flexible ex usb to aseleilete and 
directed by 1ndlvidusls capable of seeing the need гог the incorporation 
Of current trenís where e; plieable; that ia, miadb os tha aseuapiion cf 
the responsibility by tbe lrojuetion Contr 1 Oivisios fuv the datersine- 
tion «f the lsbor requirements, The ability of tie plent Yo adept lie 
menufesturing proce^wes to se many dissiallar 152999 of production 18 
the outebending тебіГеббасіоп ої the efllclezcy o^ Lhe present produce 

The iuwesiination of the production ооп мее] о--сөбиге а 

POTI has the possible jesirability for the fcllosizn- ^ínor reoomsended 
ghar ews: 

1, To prevet loss of tine, unnecessary meteriacl becdling, and 
heavy tYeffie in the wielnity cf tha Wispstehine Orib area, 
it ia госоженс 404 thet the material handlers be instrueted 
te transport Ihe work pleses and ¿hep Orter Sits directly to 
the next sebeduled Machining Unit instead of heving these 
items retemes ta the Dispatching Crib at tre eomplation of 
engh Mechining Uult'e work on that роті. 

3, It le recomended that further atudy ba ecntvcted exneerning 


the desirability of a Hen Loud ühert of lebur alaseificatiana 
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